Starting a firm with expansive potential is an option for educated and high-skilled workers. This option serves as an insurance against unemployment caused by labor market frictions and hence increases the incentives for education. We show within a matching model that reducing the start-up costs for new firms results in higher take-up rates of education. It also leads, through a thick-market externality, to higher rates of job creation for high-skilled labor as well as average match productivity. We provide empirical evidence to support our argument.
Introduction
The importance of entrepreneurship is gaining more attention. 1 The prime arguments to support the creation of new businesses concern innovation, the expansion of the 'boundaries of economic activity' (OECD, 1998b) , and the adaptability of economies towards new opportunities. Governments and Chambers of Commerce argue that reduced start-up costs for new businesses are a potential cure for the ailing European labor market.
Reductions in start-up costs can take two forms. One is to reduce the bureaucratic hurdles that increase the start-up costs for new firms. The second is to provide institutions for venture capital as well as public financial support for new firms. 2 In this paper we study the implications of lower start-up costs in the situation that new firms (at least, those with high productivity) can only be set up by high-skilled persons. Lower start-up costs then affect education choices by improving the options of skilled workers. This direct skill dividend to the labor market triggers, through a search externality, a second dividend: because the odds of getting high-skilled workers to apply for a given vacancy goes up, already existing firms create more jobs for high-skilled workers. We provide a model that identifies both these effects.
The current literature on starting firms focuses on the firm level and on how new firms influence existing markets. 3 Our contribution is to endogenize education decisions in this framework. Is there, however, any 'prima facie' empirical indication that lower start-up costs are related to educational choices? Figures 1 and 2 indeed show that two separate measures of startup costs, namely the number of days it takes to set up a new firm and the availability of start-up finance, correlate with education choices.
At the very minimum, these graphs suggest there is some merit in further investigating a positive link between low start-up costs and incentives for high-skilled education. Our matching model is in the vein of Pissarides (2000) and Fonseca et al. (2001) . In equilibrium, high-skilled workers first search for a high-skilled vacancy with existing firms. Search frictions prevent a perfect match between high-skilled vacancies and high-skilled job seekers. Some high-skilled unemployed then opt for setting up new firms until the value of outside low-skilled employment equalizes the value of creating a new firm. The equilibrium proportion of high-skilled vacancies is then determined by the proportion of high-skilled workers in the pool of unemployed, which links the proportion of high-skilled vacancies with the outside option for high-skilled workers of setting up a new firm. This gives rise to a matching externality: a larger share of high-skilled workers will increase the profitability of posting a highskill vacancy for existing firms. This increases the number of high-skilled vacancies created when start-up costs for new firms decrease. Through this 'thick market externality' higher education rates lead to more job creation for high-skilled workers and this again adds to the incentives to invest in education. Under the specific assumptions of our model, lower start-up costs increase production and reduce the number of workers filling low-skilled jobs. Closest to our approach is Fonseca et al. (2001) who study the effects of start-up costs in a matching model where workers are heterogeneous with respect to the potential profit of starting a new firm. Whilst not considering education, they also argue that lower start-up costs lead to more firms being created and less unemployment. The effect of reducing start-up costs on the efficiency of the market is ambiguous in their model: if too many workers start new firms, the workforce may become too small and output suffers. In contrast, lower start-up costs are always beneficial for the economy in our model.
A related line of enquiry is the link between education choices and search frictions. Acemoglu (1996) provides the basic intuition: workers decide on their investment in education before knowing whether they are able to find a high-skilled job. A higher proportion of educated workers then leads to more firms creating such jobs implying a wedge between private and social returns to education. Burdett and Smith's (2002) 'low skill trap' is based on a similar intuition: they provide a model with search frictions in which multiple equilibria exist, where firms offer either too few or too many high-skilled jobs 4 and workers either acquire or refrain from acquiring skills. 4 Where these papers differ from ours is that in our model search frictions are bounded by the option of setting up one's own firm.
Other policy options that affect the education choice of individuals are considered in the matching literature. Belot (2003) models education choices and migration options in case of labor market frictions. She argues that policies that increase migration possibilities also increase the incentives to invest in education. Another policy option is unemployment insurance, which effectively reduces the importance of unemployment risks and hence stimulates the unemployed to look for higher-paying riskier jobs. Acemoglu and Shimer (1999) show that unemployment insurance can thus be output increasing when the unemployed are risk-averse. When the possibility of taking a risky jobs is related to particular education choices, unemployment benefits affect education choices.
Our baseline model presented in Section 2 captures the basic searchfriction argument. In Section 3, the baseline model is extended with the opportunity for high-skilled persons to start a new firm. We discuss and interpret the comparative statics of the model. We also provide a short discussion on the differences between policies to reduce bureaucratic hurdles vs. policies to provide venture capital. Section 4 contains empirical evidence that supports the main prediction of our model, namely the positive effect of start-up costs on skill acquisition. Section 5 concludes. All tables can be found in the Appendix.
A Matching Model with Education

The Basic Model
The economy consists of a fixed large number of firms and N workers. We consider a matching model with two time periods. In period one the workers in the economy decide whether they enroll in education and firms choose the number of vacancies for high and low-skilled jobs. In the second period, firms and workers are matched and production takes place.
With respect to the cost of education, workers have an innate ability θ ∈ [0; 1]. Ability is distributed over the population following a continuous cumulative distribution function Q(θ) on the support of [0, 1] . Workers that choose to invest in education incur a cost of e(θ). By assumption, higher ability individuals have lower costs of education, i.e.
To guarantee an interior solution we assume that education is free for the most gifted worker (e(1) = 0) and impossible to achieve for the least gifted (e(0) = ∞). In all subsequent arguments, this will lead to a cut-off ability z above which workers become educated and below which they do not. Then, 1 − Q(z) is the share of workers becoming educated.
Firms can offer two types of jobs: low-skilled jobs and high-skilled jobs. To post a low-(high-)skilled vacancy imposes costs of c l (c h ) on the firm. We denote the overall number of vacancies as V l and V h . Low-skilled jobs can be performed by any type of worker whereas high-skilled jobs can only be filled by high educated workers. Matching individuals to high-skilled jobs is by assumption more difficult than matching individuals to low-skilled jobs. For simplicity, we assume frictionless matching on the low-skill labor market, i.e. there is a spot-market for low-skilled jobs. The number of low-skilled matches equals M l = min{N l ; V l }, where N l and V l refer to the number of workers seeking low-skilled jobs and the number of low-skill vacancies, respectively. Think of low-skilled jobs as hamburger-flipping positions which can be found at virtually no cost at all. 5 With respect to high-skilled jobs we assume that matching frictions are captured by a constant returns to scale matching function m(N h , V h ). The number of educated workers N h is equal to (1 − Q(z))N. The number of successful high-skilled matches equals M h = m((1 − Q(z))N, V h ). Unsuccessful educated workers enter the low-skill labor market, which means we assume matching first takes place for high-skilled jobs and then for low-skilled jobs. The number of individuals prepared to accept low-skilled jobs thus equals
A successful match has productivity p l , p h respectively. We assume that wages in successful matches are determined by instantaneous Nash-bargaining where the power of workers is independent of education and equals β: wages are given as w l = βp l and w h = βp h . To ensure that production takes place we assume (1 − β)p j > c j , j ∈ {l, h}. If this would not hold, there would be no low-skilled (high-skilled) workers at work, which is a trivial case.
Analysis of the Basic Model
We start with the behavior of firms with respect to low-skilled jobs. Firms will obviously set up low-skilled vacancies when there is a surplus in doing so. This is the case given the assumption on productivity: (p l − w l ) is by assumption bigger than c l . To maximize profits, firms will post vacancies as long as the marginal expected profit is non-negative. This 'free entry' condition for low-skilled vacancies implies that the number of posted lowskilled vacancies solves
The solution is
This must be higher than N − M h because p l − w l > c l , which shows that there is an over-supply of low-skilled vacancies. This is rent-dissipation.
The number of individuals who choose to become educated is determined by the condition that the marginal individual is indifferent between becoming highly-educated or not. The equation determining z is given as
(2) For the firm, setting up a marginal high-skilled vacancy must have zeroprofits, which implies
The following proposition states the result for the basic model.
Proposition 1
In the basic model with education and low-and high-skilled jobs there exists a unique equilibrium, described by a set {Ṽ h ,Ṽ l , e z} wherẽ V h ,Ṽ l , e z denotes the equilibrium number of high-and low-skilled vacancies and the cut-off ability respectively.
Proof. The proof runs via standard arguments: The productivity and the bargaining power uniquely determines V l . Equations (2) and (3) determine e V h and e z. Only one solution exists because for a given z, the marginal profit of an extra vacancy for high-skilled is monotonically decreasing in V h . This implies there is only one (finite) level of V h for any given z. Finally, the value of becoming high skilled is monotonically increasing in θ because of the decreasing education costs. Because of the assumptions on e(.), there will be a unique level of z at which an individual is indifferent. This level is e z. In the simple model we hence have a unique equilibrium set {Ṽ h ,Ṽ l , e z}.
3 Business Start-ups
Model Extension
We introduce the possibility for educated workers to start a business. The type of business we have in mind is obviously one with high productivity. This means we abstract from 'new firms' that are actually a form of lowskilled employment such as street vending. An individual setting up his/her own high-skilled production job has to bear the cost SC. We assume that firms are more efficient in setting up such jobs than the unemployed are and that β is large enough such that accepting a high-skill job in a firm is more attractive to an educated worker than to start a business: w h > p h − SC or SC > (1 − β)p h . This assumption implies SC > c h , which reveals the intuition for the existence of firms in this economy, namely that economies of scale exist: a firm is more efficient than the unemployed in creating new jobs. To ensure that starting a firm is attractive for an educated worker in case of being hit by labor market friction, we assume w l < w h − SC or SC < β(p h − p l ). Otherwise the new option of starting a business has no value because educated workers prefer to work in a low-skilled job rather than setting up a new firm. To summarize: we consider the case where the option to start a firm is attractive to an educated worker hit by labor market frictions: w h > p h − SC > w l . All other cases are trivial. 
The Value of Starting a New Firm
For the analysis, this new option changes the marginal condition (2) such that in equilibrium the following needs to hold
(4) This reveals the mechanism highlighted in this paper: becoming a higheducated individual is now more attractive because of the outside option of opening a new firm. This will unequivocally push down the equilibrium level e z. This, in turn, will push up the value of a high-skilled vacancy for existing firms, which means more high-skilled vacancies will be created, which will again increase the value of becoming high-educated. Hence,Ṽ h will increase. We summarize this result in the following proposition.
Proposition 2 Giving mismatched educated workers the option to start a new business leads to a larger share of workers acquiring education and to an increase of high-skill vacancies over the basic model.
Proof. The result follows from the previous proof. By assumption p h −SC > βp l hence the e(z) solving equation (4) must be larger than the e(z) solving (2) , hence N h is increasing. That e V h increases follows from the monotonicity of e V h with respect to N h . To study the effects of reduced start-up costs, we consider the comparative statics of an decrease in SC. We proceed by stating the result of the analysis in a proposition.
Proposition 3 A reduction in start-up costs (SC) implies a higher rate of education and more vacancies for high-skilled jobs.
Proof. The comparative statics yield the following equations:
which immediately reveals signs: because
, it follows that 4Ṽ h and 4e z have opposite signs. Manipulating the equations further, we obtain
Now, in the formula for
, the terms with
) ∂e z and e 0 (e z) are both positive, which shows that
> 0. The feedback-effect via the negative
again.
The analysis also shows how the first-order effect of the increased profitability of education with the advent of the outside option is amplified by the second-order effect of the increased number of vacancies that firms provide as a reaction to the increase in the number of applicants. It embodies the matching externality.
Some empirical evidence
The main prediction that our model generates is that lower start-up costs increase the number of individuals opting to become educated.
As an empirical indicator of such human capital formation we use data on educational enrolment from the UN World Development Indicators. These are available for a large cross-section of countries. Data on start-up costs come from two different sources: the Global Competitiveness Report (Porter et al. (2000)) and Djankov et al. (2002) . In the Global Competitiveness Report executives in different countries were asked 'whether venture capital was easy to get'. 6 Djankov et al. (2002) constructed an international database that quantified the regulation of entry of new firms. They went to considerable lengths to collect national information on the costs of starting a new firm, including the number of procedures, and the time and cost of obtaining legal status. They not only checked the available written information but also contacted the relevant government agencies in the countries and commissioned independent reports on entry regulation from local law firms as well. Both the venture capital data and the regulation of entry data exist only for the year 1999. Figure 1 of the Introduction showed the relation between the 'ease in obtaining venture capital' and tertiary school enrolment for 58 countries. These indicators show a very high correlation of 0.69. Likewise, the variable 'log(days to obtain legal status)' shows a very significant negative correlation with tertiary enrolment for 83 countries 7 -see Figure 2 . Very similar relations are obtained for secondary school enrolment rates.
8 Table 1 shows correlations between our two schooling indicators and four different indicators for start-up costs: the venture capital indicator, time needed to get legal status, costs associated with obtaining legal status and the number of procedures which are necessary to start a firm. All of these indicators are highly correlated with each other and with school enrolment.
Looking beyond simple correlations, we now try to explain school enrolment E i using more variables. The included variables are an indicator for start-up costs or venture capital (V EN i ) and some control variables: GDP per head (Y i ), total public spending on education (P UB i ) 9 , the illiteracy rate of adult males (IL i ), the unemployment rate of youths (U i ), and an indicator easier for existing firms to create high-skilled vacancies such as via the financing of R&D activities of old firms. 7 The countries in the samples are: Argentina, Armenia, Australia, Austria, Belgium, Bourkina Faso, Bulgaria, Bolivia, Brazil, Canada, Chile, China, Colombia, Croatia, Czech Rep., Denmark, Dominican Rep., Egypt, Finland, France, Georgia, Germany, Ghana, Greece, Hungary, India, Indonesia, Ireland, Israel, Italy, Japan, Jordan, Kenya, Korea, Latvia, Lebanon, Lithuania, Madagascar, Malaysisa, Mali, Mexico, Mongolia, Morocco, Mozambique, Netherlands, New Zealand, Nigeria, Norway, Pakistan, Panama, Peru, Philippines, Poland, Portugal, Romania, Russia, Senegal, Singapore, Slovak Rep., Slovenia, South Africa, Spain, Sri Lanka, Sweden, Switzerland, Tanzania, Thailand, Tunisia, Turkey, Uganda, Ucraine, UK, US, Uruguay, Venezuela, Vietnam, Zambia and Zimbabwe.
for the share of urban population in the country (URB i ). It can be argued that all of these variables influence school enrolment directly. The illiteracy rate of adults takes account of the intergenerational correlation in education enrolment which is well documented in the literature (Solon, 1999) ; the unemployment rate of youths can be seen as an indicator of the opportunity costs of youth while deciding about further education; a higher share of the population living in urban centers indicates both a general level of development and the availability of schooling institutions. Table 6 in the Appendix shows descriptive statistics for all the variables used in the analysis.
OLS results for tertiary enrolment are in Table 2 whilst those for secondary enrolment are found in Table 3 . In both tables we experiment with the four different indicators for start-up regulation or venture capital shown above. The results are remarkably similar across specifications. Our indicators for start-up regulation always have the right sign and are statistically significant most of the time. The assessment by executives if 'venture capital is easy to get' varies in the data between a low of 1.9 and a high of 6.4. Increasing this assessment by one standard deviation (1.05) would increase tertiary enrolment by almost seven percentage points. The quantitative effect of registration time is somewhat smaller: decreasing the time necessary to obtain legal status by one standard deviation of our data set (60 percent) would increase enrolment by 3.6 percentage points. The effects of the other variables always have the anticipated sign, but lack statistical significance in many cases; only the coefficient of GDP is always statistically significant.
Robustness analysis
One potential problem with these results is the possibility of missing confounding variables or the endogeneity of start-up costs. It could be the case that both school enrolment as well as start-up regulation are caused by third factors like the climate towards entrepreneurship. As an attempt to deal with such problems, we instrument start-up costs by political variables which we assume to affect start-up costs directly but school enrolment only indirectly. The essential reason for this is that political choices can almost immediately affect start-up costs, but not directly education enrolment: in the short-run, enrolment levels are the result of the choices made by students and not government which makes the effect of political decisions indirect in the short run at least. As our instruments we use data on the political system from Botero To test for the relevance of our instruments, we include indicators for the goodness of fit of the first-stage regressions, i.e. the marginal R 2 and the F-Test for the excluded instruments. The explanatory power of the instruments is quite good, though less so for the venture capital indicator. 11 The coefficients for the start-up costs in the IV specification are fairly similar to the OLS results. The coefficients are of comparable size and six out the eight relevant coefficients are statistically significant at the 10 percent level. It has to be said, though, that the null hypothesis that all instruments are orthogonal to the error term in the second stage (the Sargan-test for overidentification) fails in some cases, especially for secondary school enrolment. The results for secondary school enrolment should therefore be interpreted with care.
Conclusions and discussion
The present paper attempts to shed new light on the discussion about startup costs for new firms. Whereas the standard argument in favour of lower start-up costs is that mismatched workers can then start their own firm, we argue that lower start-up costs also provide incentives for education. This is because new firms (at least those with expansive potential) are often set up by high-skilled workers. Lower start-up costs therefore not only increase production but also lead to a higher proportion of individuals choosing highskilled education. In the presence of search frictions this improvement in the skill-composition of the labour force can furthermore increase the number of high-skilled vacancies. A corollary is that incumbent firms -who are supposed to lose in general from increased competition -can also gain from reduced start-up costs via the skill-composition effect that reduces the tightness of the job-market for high-skilled labor.
The empirical evidence on the effects of start-up costs on enrolment, which bears the usual caveats of being qualitative and available for few periods, strongly supports our model. Increasing the assessment of managers as to the ease with which venture capital is available by one standard deviation would increase tertiary enrolment by almost seven percentage points. Decreasing the time necessary for a new firm to obtain legal status by one standard deviation would increase enrolment by 3.6 percentage points.
Our results, if accepted, also reflect upon the discussion of whether education actually provides skills or just a signal of ex-ante existing skills. The present theoretical model assumes that education improves the skill level of a worker and has no signalling function. In a signalling model of education, workers need to provide the education certificate to signal their quality; no such signal is needed to be your own boss. Lower start-up costs in a signaling context would therefore reduce the incentive for (ex-ante) high-potential individuals to invest in the signal. Then, empirical evidence should reveal that lower set-up costs lead to lower tertiary education rates. The presented empirical evidence strongly suggests otherwise and hence supports the theory that at least some skill acquisition takes place during education. Tables 2 and 3 , standard errors in parentheses * significant at 5%; ** significant at 1% Tables 2 and 3 , standard errors in parentheses * significant at 5%; ** significant at 1% 
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